Detection of intracellular porcine reproductive and respiratory syndrome virus nucleocapsid protein in porcine macrophages by flow cytometry
Eileen L. Thacker, Patrick G. Halbur, Prem S. Paul, Brad J. Thacker Porcine reproductive and respiratory syndrome virus (PRRSV) is a small, enveloped RNA virus that has tentatively been classified as an Arterivirus a group that includes equine arteritis virus (EAV), lactate dehydrogenase-elevating virus (LDV), and simian hemorrhagic fever virus (SHFV). 1 Isolation and culture of PRRSV has been performed using either primary porcine pulmonary alveolar macrophages (PAMs) or the cell lines CL 2621, CRL 11171, and MARC 145. 1, 2, 8, 11 In vivo, PRRSV infects cells of the macrophage/ monocyte/dendritic cell lineages. Macrophages, especially PAMs, have been shown to be the cells primarily infected by PRRSV. PRRSV antigen has been detected by immunocytochemistry in a number of tissues including lymph nodes, tonsils, spleen, and Peyer's patches. 5 PRRSV antigen has also been observed in the Kupffer cells of hepatic sinusoids and in macrophages in the thymus, renal interstitium, and adrenal gland. 7 The cell type infected by PRRSV in these tissues has been identified primarily by cell morphology because of difficulties with staining for specific surface cell markers in situ.
A flow cytometric (FACS) protocol for the simultaneous staining and evaluating of cell surface markers and intracellular viral proteins has been described for the study of human immunodeficiency virus (HIV). 13 Such a method would greatly facilitate the study of the pathogenesis of PRRSV.
Currently, there are no continuous porcine monocyte/macrophage cell lines available for studying PRRSV. Peripheral blood mononuclear cells (PBMCs) are logical and easily accessible cells for studying the pathogenesis of PRRSV. However, the permissiveness of PBMCs is under question. A recent study showed that PBMCs could be successfully infected by PRRSV. 14 However, a second study found that monocytes are innately resistant to infection and poorly support virus production. 11 A technique has been described in which swine PBMCs are transformed to macrophages using L929 cell supernatant. 4 This technique would enable repeated, relatively noninvasive sampling of the same pig over time. The following study was conducted to develop a dualstaining FACS method for cell surface markers and intracellular PRRSV nucleocapsid protein, applied to monocytederived macrophages (MDMs) and PAMs. This technique was developed to enable investigations of the cell (macrophage) types permissive to PRRSV and corresponding level of viral protein production.
Crossbred pigs, 4 to 7 weeks old, were procured from a PRRSV-negative herd to obtain the PAMs and MDMs used to develop the assay. A well-characterized virulent strain of PRRSV, VR2385, grown on porcine PAMs, was used to infect the various macrophage cultures. 6 The titer of this isolate was 1 ϫ 10 7 TCID 50 /ml as determined with CRL 11171 cell line cultures as previously described. 9 PAMs were collected from lungs using an established protocol. 10 The pigs were anesthetized with sodium pentobarbital and subsequently euthanized by exsanguination. Lavage fluid consisting of Eagle's minimal essential medium (MEM) containing 75 U/ml penicillin, 75 g/ml streptomycin, 3 U/ ml polymyxin B sulfate, and 25 g/ml amphotericin B was gently dispensed and aspirated several times into the lungs to collect the PAMs. Seven milliliters of the pooled fluid was placed in 100-mm 2 plastic tissue culture dishes and kept in a humidified chamber at 37 C with 5% CO 2 to allow the cells to adhere. After 1 hour, the culture plates were washed twice with the same medium that was used for the lung lavages, followed by the addition of 7 ml of MEM containing antibiotics and 10% fetal bovine sera (FBS).
Prior to exsanguination, blood was collected by cardiac puncture into Alseiver's solution. The whole blood was diluted in phosphate-buffered saline solution (PBSS), and PBMCs were isolated by density gradient centrifugation (800 ϫ g, 30 minutes). a The interface layer containing the PBMCs was collected and washed once with PBSS, followed by centrifugation at 400 ϫ g for 10 minutes. Contaminating erythrocytes were lysed by stepwise addition of sterile distilled water followed by the addition of a 3.5% saline solution at a 3:1 ratio, followed by centrifugation at 300 ϫ g for 10 minutes. One additional wash was performed with PBSS. After centrifugation at 400 ϫ g for 10 minutes, the cells were resuspended in complete media (RPMI-1640, 10% FBS, 100 U/ml penicillin G, and 100 g/ml streptomycin) at a concentration of 5 ϫ 10 5 cells/ml, and 10 ml of this cell suspension was placed into 100-mm 2 tissue culture dishes at 37 C in a humidified atmosphere with 5% CO 2 . Nonadherent cells were removed by gentle washing with PBSS, and L929 cultured fibroblast supernatant was prepared as previously described. 4 Within 3 days, the cells were positive for cytoplasmic nonspecific esterase using alphanapthyl acetate in a commercially available protocol. b Macrophage cultures, both PAMs and MDMs, were incubated with media containing PRRSV at a multiplicity of infection (MOI) of 1. Negative control cultures containing macrophages with media alone were used in every experiment. The macrophages were harvested at various time intervals after infection. Cell viability following infection was determined by erythrosin B exclusion and was found to be greater than 75% for all cultures.
The percentage of cells staining positive for nucleocapsid protein was measured using a modification of a previously described protocol. 3 The PRRSV-infected and noninfected control macrophages were harvested into PBSS containing 1% bovine serum albumin (BSA) and 0.1% sodium azide (FACS buffer) using a cell scrapper. c The cells were incubated on ice in a U-bottomed 96-multiwell plate with 50 l of 74-22-15, d a commercially available monoclonal antibody (MAb) that identifies the SwC3a epitope on macrophages and monocytes, 12 at a dilution of 1:200 for 30 minutes. Cells were washed 3 times with FACS buffer. The cells were incubated for 30 minutes on ice with 50 l goat anti-mouse IgG (H and L chain) labeled with R-phycoerythrin. e The cells were washed 3 times and fixed using 2% paraformaldehyde f for 30 minutes on ice. The fixed cells were then permeablilized using FACS buffer containing 0.1% saponin (FACS-S). The fixed cells were incubated for 30 minutes on ice with either a PRRSV MAb, SDOW-17, or mouse IgG1 as a control. The cells were washed 3 times with FACS-S buffer and incubated for an additional 30 minutes with fluorescein isothiocyanate (FITC)-labeled goat anti-mouse IgG. After washing, the cells were again fixed in 2% paraformaldehyde and stored at 4 C until they were analyzed by flow cytometry. The percentage of positive cells was calculated after setting the binding of the irrelevant MAb at 1%. Both PAMs and MDMs were susceptible to PRRSV infection, as demonstrated by the intracellular staining protocol using the MAb SDOW-17 at 12 hours postinoculation with PRRSV. The majority of cells in the noninfected control cultures of MDMs (92.2%) and PAMs (66%) stained positive for the macrophage marker (74-22-15) ( Fig. 1a, 1c ) with no evidence of staining for PRRSV nucleocapsid antigen. Surface staining by SDOW-17 of either population of macrophages was not observed (data not shown). When PRRSV was added to the cultures, 40.1% of the PAMs and 58.8% of the MDMs stained positive with SDOW-17 and 74-22-15 ( Fig. 1b, 1d) . Interestingly, the percentage of MDMs staining for 74-22-15 decreased substantially following PRRSV infection. In addition, 14.3% of the MDMs staining positive with SDOW-17 were not positive for 74-22-15. These results may be due to PRRSV affecting proteins on the cell surfaces. Further studies are currently being conducted to investigate these findings.
Both MDMs and PAMs were tested for expression of nucleocapsid protein at 6, 12, 24, and 48 hours postinfection ( Table 1 ). Viral nucleocapsid antigen expression was detected consistently at 12 hours after PRRSV infection in both PAMs (13.6%) and MDMs (13.1%) using the combination of intracellular staining and FACS analysis. An increasing number of macrophages became positive for the nucleocapsid protein antigen over the 48-hour postinfection observation period. At 24 hours postinfection, 38.2% of the PAMs were positive, compared with 29.4% of the MDMs. The intracellular staining of the PRRSV nucleocapsid antigens appeared to be specific, as less than 5% of either type of macrophage cultured in virus-free media stained positive. To confirm that the intracellular staining technique was specific for PRRSV nucleocapsid protein, an indirect immunofluorescent assay (IFA) was performed on the cells 12 hours after infection. 15 Using SDOW-17, 12% of the MDMs and 14% of the PAMs stained positive at 12 hours postinfection by IFA. These percentages were similar to the percentage of PRRSV-positive cells found using FACS analysis at 12 hours postinfection.
In these experiments, the percentage of MDMs expressing PRRSV nucleocapsid proteins was similar to that of PAMs. It has been reported that monocytes and monocytes activated to macrophages do not produce infectious viral progeny in amounts equivalent to those of PAMs. 11 In addition, it was suggested that PAMs are more permissive to PRRSV than are other macrophage cell types. In this study, MDMs and PAMs were equally susceptible to PRRSV infection as determined by the presence of nucleocapsid protein antigen, but viral replication was not measured. Obtaining PAMs usually requires euthanizing the animal, making it impossible to follow the immune response to PRRSV of an individual animal over time. The MDMs would allow for temporal investigations of the cellular immune responses to PRRSV. This study successfully used FACS analysis to quantitate the number of cells positive for PRRSV antigens. The majority of cells positive for SDOW-17 were also positive for 74-22-15, confirming the susceptibility of macrophages to PRRSV. The percentages of macrophages positive for the PRRSV viral antigen in our study using FACS analysis were comparable to the results obtained by an established IFA technique. Both techniques used intracellular staining and the same MAb. Thus, the FACS assay for intracellular antigen is limited to analytical applications, since the cells are killed by the fixation. The ability to use FACS analysis to measure the intracellular expression of the PRRSV antigens will aid in investigating the cellular pathogenesis of PRRSV and the expression of other PRRSV antigens. In addition, the cells can be dually stained for cell surface markers in addition to the PRRSV viral antigens.
